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(57) ABSTRACT

The present invention relates to a device (1) for measuring the
anatomical shape of the leg comprising a support frame (10)
and an angle measuring instrument (20) connected to said
support frame (10). The device according to the present
invention is characterized in that said angle measuring instru-
ment (20) comprises at least one goniometer (22a, 225) and at
least one rod (21) hinged to said goniometer (22a, 22b), and
in that it also comprises light spot projecting means (234,
23b) connected to said angle measuring instrument (20).

14 Claims, 4 Drawing Sheets
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1
MEASUREMENT DEVICE FOR MEASURING
THE ANATOMICAL SHAPE OF THE LEG

This application is a national stage application under 35
U.S.C. §371 of PCT Application No. PCT/EP2011/071382,
filed Nov. 30, 2011, which claims the benefit of European
Patent Application No. 10425367.9, filed Dec. 1, 2010, each
of which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to a measurement device or
instrument, suitable for measuring the anatomical shape of
the leg.

PRIOR ART

There are multiple applications of the measurement device
according to the present invention in the range from post-
traumatic rehabilitation to applications in sports environ-
ment.

Indeed, the anatomical shape of the leg is known to signifi-
cantly vary from person to person, in particular with signifi-
cant differences in the frontal and side tibial angles, i.e. taken
on the frontal and sagittal planes.

These subjective differences in the anatomical shape of the
leg take significant importance in several cases, but in par-
ticular the circumstance of exactly knowing the shape of the
leg may be deemed to occur in sports environment, in par-
ticular in downbhill skiing, when the sportsperson wears rigid
or semi-rigid footwear.

Indeed, in this case, there is the need to determine the
correct alignment between footwear and shape of the leg.

Technical footwear is indeed known on the market, which
provides for various possibilities of inclination adjustment,
on the frontal but also sagittal plane, of the quarter of the shoe
or boot, i.e. the part enveloping the tibia.

In particular, several variants of boots are known in the field
of ski footwear which permit to adjust the inclination of the
quarter by means of devices intended for this purpose. These
devices may be provided both inside and outside the foot-
wear, and they implement what is known in the field as “cant-
ing”, i.e. the adjustment of the quarter inclination with respect
to the vertical direction, especially on a frontal plane but also,
in certain cases, on the sagittal plane.

It is thus apparent that the optimal adjustment of the cant-
ing angles of sports footwear is directly related to the ana-
tomical shape of the leg, as the possibilities of adjusting the
quarter canting are specifically studied to make the footwear
increasingly comfortable and to improve the user’s sports
performance with the possibility of being adapted to the indi-
vidual anatomical shape.

Not only, by adjusting the boot canting, the weight distri-
bution on skis and the ski angle itselfto the ground are varied.

As seen in figures from 1 to 3, the most common natural
anatomical shapes ofthe leg involve the knees substantially in
axis on the same line as the leg and the ankles (see FIG. 1), or
acircumstance of valgus knee (see FI1G. 2), in which the knees
are inwards with respect to the vertical line passing through
the ankle, or even a circumstance of varus knee, as shown in
FIG. 3, in which the knees tend to be outwards with respect to
the vertical line passing through the ankle.

It is thus understood that the assessment of the natural
anatomical shape of the leg is very importance in light of the
modifications of the canting alignment of sports footwear,
e.g. ski boots. Indeed, it should also be considered that when
the stance of the leg and the weight distribution vary accord-
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ing to said stance, the boot inclination varies with respect to
the ground, and thus the skier’s whole stance varies.

Therefore, itis understood that exactly knowing the neutral
position (i.e. of boot canting adjustment) which suits the
anatomical shape of the user’s leg and allows to have the boot
sole perfectly parallel to the ground is extremely important,
so that the user may then intervene on the canting adjustment
when he/she wishes to obtain a different boot inclination
angle with respect to the ground.

Indeed, it is readily understood that, in the absence of
accurate data about the actual anatomical shape of the leg, the
canting adjustments directly made on the boot could not
effectively result in the desired effects, or could even generate
the opposite effect.

Therefore, in order to detect the actual anatomical shape of
the user’s leg, measurement instruments substantially based
on the manual usage of a mechanical goniometer are cur-
rently in use.

At present, the measurement is manually taken by a tech-
nician who places a mechanical goniometer to which a rod is
simply connected and, from the minimum allowable distance
permitted by the shape of the leg, he/she sights while taking
the measurement again in a manual manner. The technician
holds the goniometer resting at the ankle and measures the leg
inclination angle on a frontal plane, while keeping the rod
connected to the goniometer against the tibia, as much as
possible.

This way of manually and mechanically taking the mea-
surement of the anatomical shape of the leg has several draw-
backs.

Among these drawbacks, the main issue consists of the
accuracy lack of the measurement taken, as it is so approxi-
mate to not be repeated for certain, and hence it is not reliable.

The accuracy lack of the measurement is not due to the
reading of the angle indicated on the goniometer carried out
by the technician taking the measurement, but to the approxi-
mate, unstable positioning of the measuring instrument along
the patient’s leg, and due to the difficulty in accurately iden-
tifying where the measurement may be taken.

SUMMARY OF THE INVENTION

It is therefore the primary task of the present invention to
provide a new device for measuring the anatomical shape of
the leg which allows the suppression of the drawbacks afflict-
ing the prior art devices of known type.

Within the scope of this task, it is the object of the present
invention to provide a device for measuring the anatomical
shape of the leg which allows the tibial shape to be correctly
measured, both on the frontal plane and on the sagittal plane,
in an accurate, precise and repeated manner.

It is a further object of the present invention to provide a
measurement device which takes an electronic measurement
of'the angles involved thus allowing the acquisition and man-
agement of the measured data by means of a personal com-
puter, to which the device may be connected.

This task and these and other objects which will become
more apparent hereinafter, are achieved by a measurement
device as claimed in the appended claims.

In particular, the device for measuring the anatomical
shape of the leg according to the present invention comprises
at least one structure or support frame for supporting and
stably positioning an angle measuring instrument comprising
at least one mechanical or digital goniometer, and at least one
rod hinged to said goniometer, which is characterized in that
said rod connected to the measuring instrument supports
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movable means for projecting a light spot and in that said
measuring instrument is slidingly associated with guide
means.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention
will become more apparent from the following detailed
description, given by way of non-limiting example and shown
in the accompanying drawings, in which:

FIGS. 1 to 3 show various possible natural anatomical
configurations of a person’s leg, with neutral, varus and val-
gus configurations, respectively;

FIG. 4 shows a whole perspective view of a first preferred
embodiment of the measurement device according to the
present invention;

FIG. 5 shows a whole perspective view of a second pre-
ferred embodiment of the measurement device according to
the present invention;

FIG. 6 shows a whole perspective view of a third preferred
embodiment of the measurement device according to the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

According to the preferred embodiments of the present
invention shown in the mentioned figures by way of non-
limiting example, device 1 for measuring the anatomical
shape of the leg comprises a support frame 10 comprising in
turn at least one horizontal base 11 intended to rest on the
ground and at least one pair of substantially vertical side
shoulders 12, 13.

The measurement device comprises an angle measuring
instrument 20 comprising in turn at least one goniometer 22a,
22b and at least one rod 21 hinged to said goniometer so as to
be inclined with respect to the vertical direction. Said angle
measuring instrument 20 also comprises, longitudinally asso-
ciated with said rod 21 in a sliding manner, at least one pair of
means for projecting a light spot 23a, 235. In order to make
the light spot projecting means 23a and 234 sliding with
respect to rod 21, the latter is conveniently provided with an
axial groove 24.

According to a preferred embodiment of the present inven-
tion, these light spot projecting means advantageously consist
of'laser pointers. Therefore, in the examples shown, first 23a
and second 235 laser pointers are provided slidingly associ-
ated with rod 21 and comprise locking means (not shown in
the accompanying figures) suitable for firmly securing said
pointers in any position along rod 21, in particular anywhere
chosen by the technician in said axial groove 24.

In order to ensure the stable positioning of the measuring
instrument when the measurement is being taken, the angle
measuring instrument 20 is conveniently supported by guide
means 4, 5.

In particular, according to the preferred embodiments
shown in FIGS. 4 and 5, said guide means comprise at least
one lower guide 4 which allows the angle measuring instru-
ment 20 to slide in the transversal direction on a frontal plane,
in particular by holding the lower end of said measuring
instrument 20 at which the goniometer 22a, 225 is placed, and
at least one upper guide 5 which anchors the upper end of said
angle measuring instrument 20 adapted to guide the move-
ment of said upper end, again on the frontal plane. In particu-
lar, the preferred embodiment provides for the free end of'said
rod 21, i.e. the end opposite to the end hinged to said goni-
ometer, to be inserted into said upper guide 5.
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The lower guide 4 advantageously runs along base 11 and
is contained in the frontal plane, while the upper guide 5 is
supported by vertical side shoulders 12 and 13 at its ends, and
it is also contained in the same frontal plane, and thus the
whole angle measuring instrument 20 is contained in the
same frontal plane.

FIG. 4 shows a first preferred embodiment of the device
according to the present invention in which goniometer 224 is
a traditional mechanical goniometer.

FIG. 5 shows a second embodiment of the device according
to the present invention in which goniometer 225 is a digital
goniometer, i.e. capable of providing an electronic indication
of the angle measurement taken. The further advantage of
directly connecting the measuring instrument 1 to a computer
is obtained by means of this second embodiment, in order to
store a plurality of data and readings, so as to also collect a
statistical indication of the measurements taken and to create
a reference databank, which is useful for tracing the features
of each individual athlete.

The operation of measurement device 1 according to the
present invention is therefore as follows.

The user frontally stands by stepping on the base 11 and
thus positioning the front part of the leg towards the measur-
ing instrument 20.

The technician will take care of positioning the light spot
generated by the first laser pointer 23a, the lower pointer, at
the medial position of the tibia base, immediately above the
user’s instep.

As mentioned, in order to correctly place the first light spot,
the technician may translate the measuring instrument 20
along the guides 4 and 5 to align the measuring instrument to
the user’s leg.

Once the first light spot has been correctly positioned, the
technician may move the rod 21, hinged at the lower end
thereof to the goniometer 22a, 225 and guided at the top by
the presence of the upper guide 5 to move again on a frontal
plane, until the second light spot generated by the second
laser pointer 235 is at the anatomical point of the tibia,
between the first point and the knee joint, according to the leg
anatomy, substantially immediately below the knee joint, in
the medial point of the wider part of the calf.

First and second light spots are to be positioned by the
technician on the leg at the median axis of the leg itself, and
therefore in line with the tibia axis. To this end, the technician
may use convenient means suitable for marking the points at
which the light spots are to be positioned. Among these
means, writing instruments may be mentioned such as for
example pencil, ballpoint, felt-tip pen and the like, or instru-
ments suitable for visually noting the point, such as a gradu-
ated strip or an adhesive element or the like, so as to highlight
the two reference measuring points.

According to a preferred embodiment of the measurement
device according to the present invention shown by way of
example in accompanying FIG. 6, the device for measuring
the anatomical shape ofthe leg may advantageously comprise
further means 5, 6, 7, 8a, 86 for correctly identifying the
reference measuring points.

As shown by way of example, said means for correctly
identifying the reference measuring points may comprise a
further horizontal tibial rod 6 provided with an axial guide
groove 7 and slidingly associated with the side shoulders 12,
13 so as to be height positioned as required.

Further light spot projecting means are provided along said
horizontal tibial rod 6, in particular sliding in turn in the
horizontal direction along the axial guide groove 7, which
means may preferably consist of a pair of laser pointers 8a,
8b.
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The means described heretofore for correctly identifying
the reference measuring points 5, 6, 7, 8a, 86 may thus be
employed by the technician (assisted by the device and hence
in a more accurate and reliable manner) to identify the mea-
suring points, which operation has been described above in
manual mode.

Therefore. in particular, the technician may vertically place
the tibial rod 6 to be close to the ankle, immediately above the
instep. The light spot projection from the pointers 8a and 85
will laterally lap the ankle on the inner and outer sides, thus
allowing the technician to identify the first measuring point
on the median axis of the leg, i.e. at the tibia axis.

Once this first point has been identified, the technician may
move the tibial rod 6 upwards by sliding it vertically to place
it at the point immediately below the knee joint, at the medial
point of the widest part of the calf. Even in this case, the light
beam from the pointers 8a and 85 will lap the leg on the inner
and outer sides, respectively, at the widest point of the calf,
thereby allowing the technician to easily identify the second
measuring point on the axis of the leg.

As in the case of identifying the first measuring point, the
horizontal movement of pointers 8a and 856 along rod 6 allows
the technician to easily identify the widest point of the calf
and the narrowest point of the ankle, due to the possibility of
placing the pointers in the horizontal direction.

Obviously, in order to make each operation performed by
the technician during the measuring step easier as well as
more accurate and repeatable, both the goniometers and the
vertical 21 and horizontal 6 rods will advantageously be
graduated, with at least one millimetric scale.

Returning to the measurement, as mentioned, in order to
correctly place the light spots for the measuring, the techni-
cian may easily take advantage of the possibility of adjusting
the device, by changing the height of the two laser pointers
23a and 23b along rod 21, thus translating the whole angle
measuring instrument 21 along the lower guide 4, and rotat-
ing the rod 21 guided by the upper guide 5, with respect to the
hinging point of its lower end to the goniometer.

Therefore, by correctly positioning the first and second
light spots generated by the laser pointers, the technician may
directly read on the mechanical 22q or digital 225 goniom-
eter, the angle measurement of the anatomical shape of the leg
on the frontal plane involved for the above-discussed canting
adjustments.

The operations described heretofore for measuring the ana-
tomical shape of a leg may be easily repeated on the other leg
by simply moving the angle measuring instrument 20 along
the lower guide 4 to place the instrument at the second leg.

Therefore, the measurement device according to the
present invention also allows the anatomical parameters of
the leg to be measured on a sagittal plane.

In order to detect such a shape of the leg on the sagittal
plane, the user may step on the base 11 thus having the
measuring instrument by the side of the leg.

It has thus been shown how the measurement device for
measuring the anatomical shape of the leg achieves the pur-
pose and objects suggested.

Several modifications may be made by the person skilled in
the art without departing from the scope of protection of the
present application.

Therefore, the scope of protection of the claims should not
be limited by the preferred disclosures or embodiments
shown in the description of the present invention by way of
example, but rather all different forms of the invention which
are equally useful by employing the same innovative concept
fall within the scope of the present application. In this sense,
the movement of the movable parts of the device, including
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6

the two or more laser pointers may be automated by means of
suitable motorizations, e.g. electric motorizations, and these
pointers may be assisted by electric, electronic or automated
motorizations and/or by servo assisted motorizations by
using a specific software program with a PC, video camera or
other technological medium according to modifications
available to the design technician. Referring to FIG. 6, in one
example, the device 1 includes a motorized driving apparatus
30 coupled to the device 1 to move one or more movable parts
of'the device 1, such as first 23a and second 235 laser pointers.
The motorized driving apparatus 30 is controlled by a pro-
grammable electronic control unit 32.

The invention claimed is:

1. A device for measuring anatomical shape of a leg com-
prising:

a support frame;

at least one angle measuring instrument connected to said

support frame, said angle measuring instrument com-
prising at least one goniometer and at least one rod
hinged to said goniometer, wherein said support frame
comprises a base disposed perpendicular to opposing
sides of said support frame and configured to receive a
foot of a user to position a front portion of a leg of the
user toward said at least one angle measuring instru-
ment; and

a light spot projecting device connected to said angle mea-

suring instrument.

2. The device for measuring the anatomical shape of the leg
according to claim 1, wherein said light spot projecting
device is connected to said rod and is movable with respect
thereto.

3. The device for measuring the anatomical shape of the leg
according to claim 1, wherein said light spot projecting
device comprises a laser pointer.

4. The device for measuring the anatomical shape of the leg
according to claim 1, wherein said light spot projecting
device comprises at least a first laser pointer slidingly asso-
ciated, by an axial guide, with said rod close to the hinging
point with said goniometer, and at least a second laser pointer
slidingly associated, by said axial guide, with said rod in a
position closer to the end thereof opposite to the end hinged to
the goniometer.

5. The device for measuring the anatomical shape of the leg
according to claim 1, wherein said support frame further
comprises at least one pair of substantially vertical side shoul-
ders.

6. The device for measuring the anatomical shape of the leg
according to claim 1, further comprising a frame guide dis-
posed on said support frame for moving said angle measuring
instrument.

7. The device for measuring the anatomical shape of the leg
according to claim 6, wherein said frame guide comprises a
lower guide which allows said angle measuring instrument to
slide in the transversal direction.

8. The device for measuring the anatomical shape of the leg
according to claim 7, wherein said frame guide further com-
prises an upper guide, included in the same frontal plane of
said lower guide and substantially parallel thereto, which
guides the transversal sliding of said angle measuring instru-
ment.

9. The device for measuring the anatomical shape of the leg
according to claim 8, wherein a free end of said rod of said
angle measuring instrument is inserted into said upper guide.

10. The device for measuring the anatomical shape of the
leg according to claim 7, wherein said goniometer is forced to
transversally slide along the frame along said lower guide.
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11. The device for measuring the anatomical shape of the
leg according to claim 1, wherein said goniometer is a digital
electronic measuring instrument.

12. The device for measuring the anatomical shape of the
leg according to claim 1, further comprising a referenceiden- 5
tification apparatus that correctly identifies one or more ref-
erence measuring points.

13. The device for measuring the anatomical shape of the
leg according to claim 12, wherein said reference identifica-
tion apparatus comprises at least one horizontal rod slidingly 10
associated with said side shoulders, said horizontal rod being
provided with an axial guide groove within which the light
spot projecting device is slidingly positioned.

14. The device for measuring the anatomical shape of the
leg according to claim 1, further comprising a motorized 15
driving apparatus to move one or more movable parts of the
device, said motorized driving apparatus being controlled by
programmable electronic control unit.
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